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NUCLEOTIDE^^AND/OR AMINO-ACID SEQUENC E CONTR OLLING Tgg ___ 
EXPRESSION OF A XYLANASE PROMOTER- OPERATOR NUCLEQTTDE 

SEQUENCE 

Field of the invention 

The present invention is related to a new 
nucleotide sequence controlling in trans the expression of 
a xylanase promoter -operator nucleotide sequence, the 
amino-acid sequence encoded by said new nucleotide 
sequence, the vector comprising said new nucleotide 
sequence and the cell, preferably a Streptomyces strain, 
transformed by said vector. 



Background of the invention 

In beer production, efficient hydrolysis of 
xylans and other saccharides is important because said 
compounds can be involved in production problems such as 
wort viscosity (Ducroo, P. & Frelon, P.G., Proceedings of 
the European Brewery Convention Congress , Zurich, 198 9, 
445; Vietor, R.J. & Voragen, A.G.J. , Journal of the 
Institute of Brewing, 1993, 99, 243) and f ilterability and 
haze formation (Coote N. & Kirsop, B.H., Journal of the 
Institute of Brewing, 1976, 82, 34; Izawa, M. , Kano, Y. & 
Kanimura, M., Proceedings Aviemore Conference on Malting, 
Brewing and Distilling, 19 90, 427) . 
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In other areas, efficient hydrolysis of 
xylans and/or arabinoxylans is highly desirable as well. 
Examples include rye and wheat breadmaking processes, paper 
and pulp technologies (see US patent 5,116,746). It follows 
5 that a lot of research efforts have been devoted to the 
xylan hydrolysis enzymes due to their applications as 
described above. 

Aims of the present invention 

10 The aim of the present invention is to 

provide a method and system which improve the control upon 
the expression of nucleotide sequence encoding enzymes such 
as xylanase, as well as homologous or heterologous 
sequences of said enzymes whose transcription is also 

15 activated by a xylanase promoter-operator regulatory- 
sequence . 

A specific aim of the present invention is to 
provide such a method and system for improving enzymatic 
processes, especially for improving production of 

20 antibiotics, malting processes of cereals such as barley, 
sorghum and wheat, production of beers, of baked or 
extruded cereals products, animal feed stuff, the 
production of starch derived from syrups, sorbitol, xylose 
and xylitol, and for the improvement of paper and pulp 

25 technologies. 

Summary of the invention 

The present invention is related to a new 
nucleotide sequence 1 which controls the expression of any 
30 xylanase promoter-operator nucleotide sequence 2. Said 
control upon the activation of a xylanase promoter-operator 
nucleotide sequence 2 is advantageously obtained by trans - 
activation (said new nucleotide sequence 1 encoding a 
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trans-activated factor which controls the activation of 

said xylanase promoter-operator nucleotide sequence 2) . 

Therefore, the present invention is also 

related to said factor, preferably a peptidic factor 3 
5 which is an activator and/or repressor encoded by said 

nucleotide sequence 1 and which controls positively and/or 

negatively the expression of a xylanase promoter- operator 

nucleotide sequence 2 . 

Advantageously, said factor could be present 
10 in a composition with other cofactors 4 that induce 

positively and/or negatively said mechanism. 

Preferably, said cofactors 4 present in said 

composition are selected from the group consisting of 

glucose/ xylan or a mixture thereof. 
15 The Inventors have discovered unexpectedly 

that the presence of glucose induces a repressive mechanism 

upon the activation of a xylanase promoter-operator 

nucleotide sequence, while the presence of xylan induces a 

positive mechanism of said expression. The simultaneous 
20 presence of said two cofactors in a medium induces also 

positively the expression of a xylanase promoter-operator 

nucleotide sequence . 

It is meant by "a xylanase promoter-operator 

nucleotide sequence", any nucleotide sequence 2 which cis- 
25 activates any nucleotide sequence 5 encoding a xylanase 

enzyme . 

A classification of the xylanase enzymes in 
the categories F/lO and G/ll is described by Henrissart et 
al . {Biochew. J. 293, pp. 781-788). 
30 Said xylanase promoter-operator nucleotide 

sequences comprise at least one 5 base pair^ pattern : 5*- 
CGAAA-3 • . 

Preferably, said xylanase promoter-operator 
nucleotide sequence is the Strepto/nyces sp. strain EC3 xlnC 
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xylanase promoter-operator nucleotide sequence SEQ ID NO 2 
also described by Giannotta F. et al , {FEMS Microbiol. 
Letters 142, pp. 91-97 (1996)). 

According to a preferred embodiment of the 
present invention, the isolated and purified nucleotide 
sequence according to the invention is a (DNA) sequence 
which presents more than 60%, advantageously more than 80%, 
preferably more than 90%, and more preferably more than 
95%, homology (i.e. sequence identity) with the nucleotide 
sequence SEQ ID NO 1 or its complementary strand described 
hereafter . 

According to another preferred embodiment of 
the present invention, said isolated and purified 
nucleotide sequence corresponds to the nucleotide sequence 
SEQ ID NO 1 or its complementary strand or a portion 
thereof; preferably a sequence having more than 
100 nucleotides and encoding a peptide which still controls 
positively and/or negatively the expression of a xylanase 
promoter-operator nucleotide sequence . 

Preferably, said sequence portion comprises 
at least the nucleotides of SEQ ID NO 3 or any nucleotide 
sequence encoding for its corresponding peptidic sequence. 

According to a further preferred embodiment 
of the present invention, the terms "a portion of the 
nucleotide sequence SEQ ID NO 1 or its complementary 
strand" mean any kind of nucleic acid molecule (DNA, RNA, 
antisense nucleotide sequence, etc.) which is specific of 
SEQ ID NO 1, comprises more than 15 nucleotides (such as a 
probe or one or several primers) , and which may be used to 
identify, reconstitute or block the transcription of said 
specific isolated and purified nucleotide sequence SEQ ID 
NO 1 or its complementary strand. Said identification, 
reconstitution or blocking is obtained with known 
techniques by the person skilled in the art, such as the 



wo 00/09717 



PCT/BE99/00105 



use of antisense RNA, specific labelled probe hybridisation 
or genetic amplification, preferably by PGR (as described 
in the US patent 4,965,188) or by LCR (as described by 
Landgren et al . {Sciences 241, pp. 1077-1080 (1988)). 

Therefore, the present invention is also 
related to any nucleotide sequence which presents an 
homology (i.e. secfuence identity) as above-described with 
SEQ ID NO 1, SEQ ID NO 3 or their complementary strands, or 
my, . niicleotide sequence which preferably allows an 




^ 10 h^b r icfi -s atio R with SEQ ID NO 1, SEQ ID NO 3 or their 

complementary strands under standard stringent 
hybridisation conditions, and which may encode the same or 
r;^ a similar amino-acid sequence due to the redundancy of the 

r\i genet ^Mjkjj^ 

O^iXi 15 Exemplary standard stringent ^ynri.aisa.ti.on 

0^ conditions are as follows : ^ ^;^ ' a3ridisat - i o n at 4 0 in 5 0% 

^ formamide, 5x SSC, 2 0 mMol sodium phosphate, pH 6.8, 

nj washing in 0 . 2x SSC at 50 . Variations in these 

conditions may occur based on the length and the GC 
l/^'j^ 20 nucleotide content of the sequence to be ^^ ^ybriaigcd . 

Formul^ standa^ in the art are approved for determining 
fy^^ exact^ ^^^'TDridiG arfc^ren conditions such as the one described by 

Sambrook et al . {Molecular Cloning : A Laboratoiry Manual, 
Cold Spring Harbor, Laboratory Press, Cold Spring Harbor, 
25 New York, §9.47-9.51 (1989)). 

Another aspect of the present invention is 
related to the amino-acid sequence encoded by said 
nucleotide sequence, and which present more than 60%, 
advantageously more than 80%, preferably more than 90%, 
3 0 more preferably more than 95% homology (i.e. sequence 
identity) , with SEQ ID NO 2 . 

According to another embodiment of the 
present invention, the amino-acid sequence according to the 
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invention corresponds to the amino-acid sequence of SEQ ID 
NO 2 or any portion thereof having preferably more than 
50 amino-acids and which is still capable of controlling 
(positively or negatively) in trans the expression of a 
xylanase promoter-operator nucleotide sequence. 

Preferably, said portion is an amino-acid 
sequence that comprises at least the amino-acid sequence 
encoded by the nucleotide sequence SEQ ID NO 3 above- 
described^ 

It is meant by "controlling (positively 
and/or negatively) in trans the expression of a xylanase 
promoter -operator nucleotide sequence", the possibility for 
any nucleotide sequence 1 or any amino-acid sequence 3 
encoded by said nucleotide sequence 1 to induce or reduce 
(preferably in the presence of the other cofactors 4 such 
as glucose and/or xylan) the expression of a xylanase 
promoter-operator nucleotide sequence 2 and obtain 
thereafter a control upon the cis-activation of a 
downstream nucleotide sequence 5 (for instance a gene 
encoding a xylanase enzyme) which is controlled in cis by 
said xylanase promoter-operator nucleotide sequence. The 
inducing or reduction of said expression is observed 
preferably by a positive or a negative modification of said 
cis-activation (for instance by an increasing or a 
decreasing of the synthesis of said xylanase enzyme by a 
cell) . Said mechanism is also illustrated in the enclosed 
Fig. 3. 

The present invention is also related to a 
nucleotide construct 6 comprising the isolated and purified 
nucleotide sequence 1 according to the invention, linked to 
a xylanase promoter-operator nucleotide sequence 2 and 
possibly any homologous or heterologous nucleotide sequence 
5 of a gene encoding a xylanase enzyme, which is cis- 
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activated by said xylanase promoter-operator nucleotide 
sequence 2 , 

Another aspect of the present invention is 
related to the vector 7 comprising said isolated and 
purified nucleotide sequence 1 or the nucleotide construct 
6 according to the invention. Advantageously, said vector 7 
is a plasmid comprising the necessary elements (origin of 
replication ORI) for the transfection of said nucleotide 
sequence 1 or said nucleotide construct 6 into a cell, 
preferably into a Streptowyces sp. strain. 

The vector according to the invention may 
comprise also other elements, such as a marker 
(thiostreptone = tsr) for the identification of a possible 
transformation by the vector according to the invention in 
said specific cell. The vector according to the invention 
can be also a shuttle vector comprising the necessary 
elements for the expression of said shuttle vector in 
E. coli and Streptowyces sp. 

Another aspect of the present invention is 
related to the cell such as a gram-positive bacteria, 
preferably a Streptowyces strain, transformed by said 
vector 7 or by said shuttle vector, which allows the 
expression of the isolated and purified nucleotide sequence 
1 according to the invention controlling the activation of 
the xylanase promoter-operator nucleotide sequence 2 
present in said cell and therefore the transcription of any 
nucleotide sequence 5 which could be cis-activated by said 
xylanase promoter-operator nucleotide sequence 2. 

The nucleotide construct 6, the vector 7 
and/or the cell transformed by said vector as well as 
specific portions of the isolated and purified nucleotide 
sequence 1 according to the invention can be advantageously 
used in several industrial biochemical processes such as 
production of antibiotics, malting processes of cereals. 
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preparation of beers, baked or extruded cereals products, 
for the improving of animal feed stuff and for the 
improvement of paper and pulp technologies. 

The products of the invention, possibly 
combined with the above-described cof actors, are 
advantageously present in a bioreactor, and will allow the 
controlled synthesis of proteins or peptides of interest or 
possibly avoid or reduce the synthesis of said proteins or 
peptides by specific cells in the above- identified 
biochemical industrial processes. 

The various aspects of the present invention 
will be described in details in the enclosed non-limiting 
examples in reference to the following figures. 

Brief description of the drawings / 

Figures 1 to 3 represent the steps for the construction of 
the vector according to the invention. 

Detailed description of the invention 

The alignment of various nucleotide sequences 
upstream xylanase gene in the strain Streptomyaes sp. ECS, 
shows the presence of three repetitive units of five BP : 
5'-CGAAA-3' observed among all xylanase sequences (except 
in the strain Actinomadura sp. which comprises only one 
repetitive unit) . 

In the specific strain Streptomyces sp. EC3 , 
three boxes in the promoter-operator regions of 3 90 BP are 
defined : box 1 (Bl) at -200 BP, box 2 (B2) at -210 BP and 
box 3 (B3) at -3 50 BP from the ATG codon. The box B3 is 
extremely conserved between the Streptomyces strain. (83% 
of identity of sequence upon 12 bases) , 

The identification of the repetitive 
consensus sequence is presented in the following table 1. 



i # 
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Table 1 

Cons. Bl CGAAACTGTTGA ZTSjeS^X^^^'. 

Cons. B2 TTTCCGAAAGTTTGC C [3E^-S>I> HO 

Cons. B3 TCGAAACTTTC GT3SA.V^O fis^ \ <^ 

Consensus t C G A A A g 5 c '/SBO AiO: (Q^y 

However, it seems that said consensus 
nucleotide sequence^ is not present in other known xylanase 
nucleotide sequence of other bacteria such as Bacillus 
strains . 

The Inventors have discovered that the 
proteinic trans-activation factor according to the 
invention affects the regulation of said specific portions 
(B3 > B2 > Bl) of the xylanase promoter-operator nucleotide 
sequence of the Streptornyces sp, ECS. 

The Inventors have also discovered a 
modification of the trans factor affinity for the B2 box in 
repression and induction. 
Repression : B3 > B2 > Bl 
Induction : B3 >> B2 = Bl 

Additional competitive experiments have 
identified as a preferred fixation site of the trans- 
activation factor according to the invention, the above- 
identified specific regions (boxes 3, 2 and 1). 

It should be noted also that the above- 
described boxes present inverse repeated sequence and a 
palindrome of 4 BP that seems to be specifically recognised 
by the proteinic trans -activation factor according to the 
invention , 

Therefore, it seems that the main fixation 
site of said proteinic trans-activation factor is the box 
B3 , which allows thereafter a fixation upon the box B2 even 
when a mutation is present in said box B2 . 
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According to said preliminary results, it 
seems that the control upon the activation of a xylanase 
gene is based upon operative sites which are specifically 
recognised by a trans -activation factor which is working as 
a repressor and which allows the formation of a repressive 
loop (connection between the B2 and B3 boxes by the trans - 
activation factor) and avoids the fixation of the RNA- 
polymerase and thereafter the transcription of a downstream 
coding nucleotide sequence. 

P.^netiq id^ntjfi cation of the proteinia trans -actiivatiinn 

factor and its enco ding nucleotide seqruence 

The gene coding for xylanase C of 
Streptomyces sp , has been cloned into a multicopy vector 
which confers positive xylanase phenotype when the host 
strain is under repression conditions. Repressed clones, 
which may be a genomic fragment encoding the repressor 
according to the invention, will be characterised by a wild 
type phenotype. 

Repressors from a genomic bank in the vector 
pDML614 were isolated. 

After plasmid purification, an amplification 
by PGR allows a raw estimation of the insert size, which is 
presented in Table 2. 



PGR conditions : Step 1 : 

Step 2 : 30 

Step 3 : 

Step 4 : 

Step 5 : 

Step 6 : 



96 

cycles 94 

54 Oc 
72 OC 
72 
4 OG 



4 min 

3 0 sec 
1 min 

3 min 30 sec 
10 min 
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Table 2 



Size of the insert 



Clone 


Size of the PCR product 
(Idb) 


Estimated size of the 
insert (kb) 


SI 


2 , 5 


0,9 


S2 


3,2 


2,5 


S3 


2,5 


0,9 


S4 


1,6 


0,1 


S5 


2,1 


0,5 


S6 


2,8 


1,2 


pDMIi614 


1,6 


0 



A sequence of 1022 nucleotides obtained from 
the clone S6 allows the identification of an open reading 
frame with several bacterial regulator systems.. A first 
polypeptide of 164 amino acids was identified and the 
corresponding nucleotide sequence was used as a probe for 
the isolation of the complete nucleotide sequence SEQ ID NO 
1 . 

The cloning of the carboxy terminal portion 
was obtained by Southern blotting. 2,5 genomic DNA of 
Streptowyces sp , EC3 are cleaved by several restriction 
enzymes and have been transferred upon a nylon membrane. A 
fragment of 72 0 BP has been amplified and labelled with 
biotin^by PCR, and is used as a probe for the specific 
briaioation of the genomic DNA. A portion of the genomic 
DNA of Streptornyces sp. was cleaved by restriction enzymes 
and the generated fragments by PCR were introduced in a 
plasmid pUC for sequencing. 

The sequenced nucleotide sequence comprises 
four open reading frames . The longest open reading frame 
hereafter called xlnR was implicated in the regulation of 
the xylanase enzyme, and the corresponding amino-acid 
sequence was identified by the BLAST software. 



A. 
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The complete isolated and purified nucleotide 
sequence 1 according to the invention was introduced in a 
vector 7 having incorporated also a xylanase promoter- 
operator nucleotide sequence 2 linked to a gene encoding a 
xylanase enzyme 5, Advantageously, said xylanase promoter- 
operator nucleotide sequence 2 comprises a poly-linker 
sequence (nucleotide sequence with several cleaving sites) 
which improves the insertion of homologous or heterologous 
sequences. The characteristics of the vector according to 
the invention were improved by incorporating a specific 
marker (such as the thiostreptone) which is used for the 
specific selection of transformed cells. 

The vector according to the invention was 
advantageously a shuttle vector comprising the necessary 
elements for the transfection of said vector in a 
Streptornyces strain and in E. coli (see also U.S. patent 
4,992,371 incorporated hereafter by reference) . 

Preferably, said shuttle vector was prepared 
according to the method comprising the following steps. The 
pUC18 polyl inker was replaced by a dsDNA fragment 
containing endonuclease restriction sites and the following 
dsDNA fragment was entered in a Hlndlll -EcoRI -digested 
pUC18 (L08752, Norrander et al . , Gene 26, pp. 101-106 
(1983)). 

dsDNA fragment : SEQ ID NO:'^: 5'- AGC TAG GCC TAT CGA TGG 
CGC GCC AAG CTA GCA ACT TAA GTA GAT CTA ACT ACT CTG CAG CAG 
AAG CTT AAT ATT TAA TTA AGC GGC CGC AGT ACT CTC GAG CCG CCA 
TGG GCC CGA TAT CGG TAC CAG GCC T- 3 ' (or SEQ ID NO^^) 
( Endonuclease restriction sites: 5' -Cial-Ascl-Miel-Aflll- 
Bgl 1 1 - Spel - Ps tl -Hindi 1 1 - Sspl - Pad -No tl - Seal - Xhal -Ncol - Apal - 
£:coRV-KpnI-3 ' ) . 

Thereafter, the streptomycin^/ spectinomycin^ 
resistance gene (Str/Spm) from an omega interposon 
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(Prentki, P. & Krisch, H.M. Gene 29 pp. 303-313 (1984)) was 
introduced at the Hindlll restriction site. 

The pUC18 sequence was deleted from the 
construction and replaced by the Clal-iCpnl 5tr-eptoinyces 
replication origin from the pIJ702 vector (Katz et al . , J. 
Gen. Microbio. 129 pp. 2703-2714) . 

The construction was achieved to be a shuttle 
vector: a 1242 bp Asel-i^del DNA fragment, containing the E. 
coll DNA replication origin from the pBR322 vector (tJ0174 9, 
Sutcliffe, J.G., Proc. Natl. Acad. Sci . U.S.A. 75(8), pp. 
3737-3741 (1978)) was treated by klenow and introduced in 
EcoRV . 

The regulatory sequence xlnR was introduced 
in a Pad -Seal -digested vector and the xinC structural gene 
with its promoter in the AscI-PstI restriction sites in 
order to obtain the shuttle vector "Vpro" according to the 
invention (see enclosed Fig. 3). 

For the analysis of an heterologous 
expression of foreigner genes in Streptomyces , the person 
skilled in the art may refer to the US patent 5,641,663 and 
the US patent 5,435,730. 

Furthermore, the vector according to the 
invention may also comprise one or more mutations in the 
xylanase promoter-operator nucleotide sequence 2 in order 
to improve (increase) a cis-activat ing by said xylanase 
promoter-operator nucleotide sequence. 



